The need for new kinds of interface for the author
In computerized learning environments, information display and simulation programs play important roles. However, in higher scientific education, as soon as we want the machine to be able to generate relevant explanations or to make appropriate error detection and repair, we have to provide it with explicit knowledge. The machine is then capable to perform a much wider range of didactic actions, as shown for instance in [Collins 1976 ; Cullingford et al. 1982 ; Johnson & Soloway 1987 ; Nowé & Jonckers 1991 ; Dessalles 1990 ; Rätz & Lusti 1992] . Unfortunately, such explicit knowledge is generally complex, it is not directly available and is difficult to elicit.
In previous work we explored the possibility of reducing the knowledge given by the author to a strict logical description of the concepts, leaving the machine in charge of all local didactic initiatives [Dessalles 1991 ]. The interaction with the student in SAVANT3 takes the form of a conversation governed by a systematic use of the entrapment strategy [Stevens et al. 1979] . The problem is then to provide such a system with this minimal logical knowledge. The logical spreadsheet is an attempt in this direction.
The concept of logical spreadsheet
Usual spreadsheets are devoted to numerical calculus. The basic idea is to use a twodimensional space in which the user can freely place numbers, formulas and commentaries as if he were using a paper sheet. The main added value lies in the real-time update of numbers defined by formulas. But we are dealing here with concepts and logical formulas, not with numbers. A conventional spreadsheet is thus of no use for our purpose. However, we may preserve both ideas of spatial organization and continuous computation by conceiving a logical spreadsheet in which cells contain logical predicates or logical rules.
The figure shows an example of logical spreadsheet designed with X-Moise. This example is about basic algebra. Cells may contain three types of items :
• a comment (e.g., « (A,+) » in cell A3)
• a lexical item : subject, verb or complement (e.g., « associative » in cell E2)
• a predicate, as a reference to cells containing appropriate lexical items (e.g., cell F3)
• a logical rule, as a reference to cells containing predicates (e.g., cell J4)
In the figure, the current cell is F3. It is a predicate cell, making reference to lexical items located in A1, F1 and E3 (see at the bottom of the screen).
Any first-order logic knowledge base (without functional symbols) can be represented using X-Moise. Rules are expressed as negative clauses, i.e., incompatible sets of predicates. For instance, the definition « A group with a commutative operator is abelian » will be expressed as :
This rule is stored in cell J4 in the above example. The label « abel⇒comm » is just a mnemonic. The deep content of this cell is the formula [+C3-C4+F3] which means that the predicate located in C3 (G with + is a group), the negation of the predicate of C4 (G with + is not an abelian group) and the predicate of F3 (action + is commutative) are together incompatible.
How does a logical spreadsheet function ?
At specific times (or each time the content of a cell is modified by the user), X-Moise is able to compute truth values or to detect inconsistencies. The user may specify truth values for some predicates (true or false) and leave the others as « unknown ». Since each logical rule can be understood as a constraint on the set of possibilities, there may be few or even zero possibilities left. The user can visualize all the possibilities the system could find using the « Encore » (Next) button. Each possibility (valuation in proposition logic) is displayed by different colors : true predicates are in green, false predicates in red. Truth values given by the user and by the system appear with different brightness. When unexpected situations are displayed, the user may become aware that he forgot to mention a rule. When developing the above example, the rule (G,+) abelian ⇒ (G,+) group had been forgotten in the first place. This became rapidly apparent when testing possibilities.
The most interesting situation is perhaps when there is no possibility at all, i.e., when the logical system defined by the user is overconstrained. In such a case, one of the rules responsible for the blocking is highlighted. X-Moise may then help the user make the situation consistent by suggesting some change in the truth values initially assigned. The mere fact of highlighting a blocking rule is a real help : the rule may be false. If not, X-Moise can invert one term of the rule, revealing another blocking rule, and so on until the user understands why the situation is inconsistent.
Why use a logical spreadsheet ?
Besides this dynamic help in the elaboration of a knowledge base, the use of a spreadsheet offers several advantages. First, it imposes no a priori order, neither among rules nor among predicates in a rule. Since the logical formalism used is totally declarative, such an order would be artificial. The user is free to organize rules and predicates in the two-dimensional space, without caring about any sequence of action. This lack of order is even more relevant here than in a conventional spreadsheet where computations often must follow a specific sequence.
All cells are a priori equivalent. The user is thus free to organize his sheet as he wants, either grouping rules together, or grouping subsets of knowledge. In our example, there is a growing complexity from left to right, going from group to ring and then to field algebric structures. Rules were grouped in the lower part of the sheet.
A further argument to justify the use of a spreadsheet is that authors are used to such interfaces. The editing facilities are especially useful when different, but similar, predicates or rules have to be introduced.
Perspectives
We want to develop this tool further before experimenting with it as a component in an authoring environment. From a logical point of view, X-Moise allows to express first-order logic, but it performs calculations on propositional logic only. This extension will be done, but it needs some care to avoid infinite loops. X-Moise is written in C++, which is not the most natural language for dealing with logic.
As far as the spreadsheet is concerned, we want to explore the relevance of usual operations like translation, transposition, relative vs. absolute cell reference, etc.
X-Moise is useful for the self-elicitation of small knowledge bases. In all the examples that were tested with our learning environments based on SAVANT3 or PARADISE (see [Dessalles 1995] ), the knowledge base typically contained less than twenty rules. If we want to extend X-Moise so that it is able to deal with larger bases, we have to conceive a natural way to establish logical connections between different sheets.
We do not know yet if X-Moise will prove to be ergonomic and natural enough to be spontaneously used by authors. We may think of self-elicitation tools that leave the author unaware that he is manipulating logical rules. However, in a higher scientific education context, it seems relevant to offer a tool which stays halfway between a purely verbal elicitation and a direct manipulation of logical formalisms.
